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1.0  INTRODUCTION  AND  SUMMARY 


A  series  of  tests  was  performed  in  the  Longshot  Facility 
of  the  Von  Karman  Institute  for  Fluid  Dynamics  (VKI)  in  Rhode- 
St-Genese,  Belgium,  in  support  of  USAF  Great  AFOSR  78-3474. 

This  post-test  report  is  a  summary  of  sixteen  tests  conducted 
in  the  Longshot  Facility  during  the  period  of  5-15  June  1979 
(Phase  I)  and  3-14  September  1979  (Phase  II).  The  complete 
test  results  are  included  in  the  VKI  post-test  report  to  be 
published  under  separate  cover. 

The  purpose  of  these  tests  was  to  measure  local  pressure 
and  heat  transfer  distributions  on  a  biconic  body  configuration 
over  a  range  of  Mach  number,  Reynolds  number  and  angle-of -attack 
conditions . 

The  calorimeter  instrumentation  was  calibrated  at  VKI  during 
the  period  2-4  May  1979.  The  instrumented  test  model  was 
delivered  to  the  VKI  facility  for  the  first  series  of  tests  on 
5  June  1979.  Surface  data  measurements  were  made  as  planned 
including  schlieren  photographs  of  the  model  bow  shock  structure. 


2.0  DISCUSSION 

2.1  Test  Facility 

The  VKI  Longshot  facility  was  used  for  this  program.  Long- 
shot  differs  from  a  conventional  gun  tunnel  in  that  a  heavy 
piston  is  used  to  compress  the  nitrogen  test  gas  to  very  high 
pressure  and  temperatures.  The  test  gas  is  then  trapped  in  a 
reservoir  at  peak  conditions  by  the  closing  of  a  system  of  check 
values.  The  flow  conditions  decay  monotonically  during  20  milli¬ 
seconds  running  time  as  the  nitrogen  trapped  in  the  reservoir 
flows  through  the  6°  half  angle  conical  nozzle  into  the  pre¬ 
evacuated  open  jet  test  chamber.  The  maximum  supply  conditions 
used  in  these  tests  are  approximately  60,000  lb/in2  at  1900°K 
to  2350°K.  These  conditions  provide  nominally  unit  Reynolds 
numbers  of  8.5  x  10^  per  foot  at  a  Mach  number  of  16  and  3.5  x 
106  at  M  *  20. 

2.2  Model  Design 

The  test  model  design  was  a  biconic  body  configuration  shown 
in  Figure  1.  This  model  configuration,  designated  as  model  N, 
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approximates  nosetip  contours  typical  of  low  altitude  turbu¬ 
lent  ablated  shapes.  The  model  was  fabricated  of  303  stainless 
steel  having  a  wall  thickness  of  approximately  0.2  inches.  The 
model  was  designed  in  two  segments  as  shown  to  facilitate  instru¬ 
mentation  gage  installation.  Figure  2  shows  the  assembled  test 
model. 

2.3  Instrumentation 


The  test  model  was  instrumental  with  both  pressure  and 
heat  flux  gages.  The  gage  locations  are  shown  in  Figure  1. 

The  test  model  contains  eleven  heat  flux  gages  and  ten  pressure 
taps.  Only  nine  pressure  measurement  channels  were  available 
at  the  test  facility.  The  last  pressure  tape  near  the  base  on 
the  model  was  not  connected.  PCB  model  112A21  high  resolution 
pressure  transducers  were  connected  through  short  flexible  tubes 
to  the  surface  taps. 

The  heat  transfer  gages  are  smooth  calorimeter  discs  fabri¬ 
cated  from  .004  inch  high  conductivity  copper  stock.  A  1  mil 
wire  chromel  alumel  thermocouple  is  welded  to  the  copper  disc 
which  is  bonded  to  an  insulating  holder.  Twenty-four  calorimeters 
were  fabricated  and  calibrated  at  the  VKI  facility.  Table  I  lists 
the  measured  calibration  constant  (Ct)  for  each  gage.  The  values 
shown  are  the  average  of  two  measurements.  The  actual  measured 
disc  thickness  (X^)  is  also  shown  compared  with  the  calculated 
effective  disc  thickness  (XE) .  The  data  was  derived  from  the 
following  relationships: 


AE/  At 


*E 


CT  =  .00523  CT 


where 


Qc 

= 

calibration  heat  flux 

AE/  At 

= 

thermocouple  EMF  output 

xE 

s 

effective  gage  thickness 

CT 

m 

calibration  constant 

P 

* 

density,  copper 

Cp 

= 

specific  heat,  copper 

The  difference  between  the  actual  and  effective  gage  thickness 
is  due  to  the  thermocouple  weld  joints. 
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2.4  Test  Matrix 


The  matrix  for  the  sixteen  runs  made  in  the  Phase  I  and 
II  test  series  is  shown  in  Table  II.  The  pressure  and  heat 
transfer  gages  are  180  degrees  apart  as  shown  in  Figure  1.  In 
order  to  obtain  a  complete  distribution  of  pressure  and  heat 
transfer  measurements  for  the  angle-of-attack  cases,  both  a 
positive  and  negative  incidence  angle  was  run  for  the  same 
test  conditions  as  shown  in  Table  II. 

2.5  Test  Results 


The  data  measurements  for  each  run  included  schlieren 
photos  of  the  model  flow  field  in  the  windward  and  leeward 
planes.  Figures  3  to  13  show  the  bow  shock  and  flow  field 
structure  for  each  case. 

The  measured  surface  pressure  and  heat  transfer  distribution 
are  shown  in  Tables  III  and  IV,  respectively.  Problems  with  the 
nosetip  instrumentation  (gage  0)  precluded  measurement  of  the 
stagnation  point  heat  flux.  Predictions  of  the  stagnation 
point  heating  for  each  Mach  No. -Reynolds  No.  condition  at  zero 
angle  of  attack  is  included  in  Table  IV.  It  should  be  noted 
that  for  a  positive  angle  of  attack  the  heat  transfer  gages  are 
in  the  windward  position  and  the  pressure  gages  in  the  leeward 
position  and  vice  versa  for  the  negative  angles  of  attack. 


TABLE  I 

Heat  Transfer  Gage  Calibration  Data 


vg.  Calib.  Effect.  Gage  Actual  ( 

3ef f . ,  CT  Thickness,  Xp  (in.)  Thickness 


0.624 

.0033 

.0038 

1.235 

.0065 

.0037 

0.628 

.0033 

.0036 

0.607 

.0032 

.0040 

0.658 

.0034 

.0040 

0.609 

.0032 

.0040 

1.020 

.0053 

.0040 

0.654 

.0034 

.0038 

0.689 

.0036 

.0040 

0.590 

.0031 

.0039 

0.934 

.0049 

.0040 

0.636 

.0033 

.0038 

0.820 

.0043 

.0036 

0.598 

.0031 

.0038 

1.261 

.0066 

.0040 

1.060 

.0055 

.0039 

0.669 

.0035 

.0040 

— 

— 

.0040 

0.625 

.0033 

.0040 

0.677 

.0035 

.0040 
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TABLE  II 


VKI  Lonqshot  Test  Matrix 


PHASE  I 


PHASE  II 


juence 

No. 

Test 

Run 

No. 

Model 
Conf iq. 

Angle  of  Attack 
(deqree) 

M 

oc 

Re  (ft-1) 

OC 

1 

609 

N 

0 

20 

2.0 

X 

106 

2 

610 

N 

0 

20 

3.3 

X 

106 

3 

611 

N 

0 

16 

4.5 

X 

106 

4 

612 

N 

0 

16 

8.6 

X 

106 

5 

616 

N 

+  5 

20 

3.3 

X 

106 

6 

615 

N 

-  5 

20 

3.3 

X 

106 

7 

613 

N 

+  5 

16 

8.6 

X 

106 

8 

614 

N 

-  5 

16 

8.6 

X 

106 

9 

618 

N 

+20 

20 

2.0 

X 

106 

10 

624 

N 

-20 

20 

2.0 

X 

106 

11 

617 

N 

+20 

20 

3.3 

X 

106 

12 

623 

N 

-20 

20 

3.3 

X 

106 

13 

619 

N 

+20 

16 

4.5 

X 

106 

14 

622 

N 

-20 

16 

4.5 

X 

106 

15 

620 

N 

+20 

16 

8.6 

X 

106 

16 

621 

N 

-20 

16 

8.6 

X 

106 
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TABLE  IV 


Predictions 


FIGURE  2 


Assembled  Biconic  Test  Model 


FIGURE  8 

Schlieren  Flow  Field 
Run  No.  615  -  Model  N 
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